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(57) Abstract: A novel method of culturing mesenchymal stem cells whereby a remarkably larger number of mesenchymal stem 
cells can be obtained compared with the conventional culture methods. This culture method is characterized by adding to a medium 
a fibroblast growth factor (FGF) as a substance which stimulates the proliferation potency of the mesenchymal stem cells while 
maintaining the pluriopotency thereof and prolongs the life. According to this method, mesenchymal stem cells can be cultured at 
least over 30 generations and, moreover, about 10 5 to 10 6 times as much cell count as in the conventional culture methods can be 
obtained. 
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HT- (FGF) $:Mm~WMa'tZ>z.b&1ftWtb\s, m 



LT^J 1 0 5 ~ 1 0 6 <£ 
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m no m 

S*^t:^«-efc«9, ^T^jkM^ (MxJ^s 

(Pittenger M. F. £>, Science 284, 143-147, 1999 0 
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2 



io ?&m(Dffl^ 

ffi^©FGF©M(i N ii^imo. 0 1 — 10 Ong/ml «9 , 0^ b< (10. 

0 4~1 Ong/ml N $ L< « 0 . 1 ~ 1 ng/ml -e£>3 0 

^k^^ki^^t, FGFit ^imm^m^wmm^mmm^wiw.^- 

25 (^fLWj^lS^COFGF, iifjFGF - 1 (a FGF) ^fc^FGF-2 (bF 
GF) #Wl£L,v\ bFGFTIlt bft^ ^v^jfecD b F G F terfr|g£^-C:£ 
•9^ mM^X^m-VfoZo *fc, ni?LS5^S*cD{tfl(DFGF^g^#:^dfcji-e 
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it^-H^ btLT£5 (9 , M^^5glfiL^« 11-103856 ^<2M$)> 

#C#lfflJ3S (Y. Kato & D. Gospodarowicz, J. Cell Biol. , vol 100, 477-485, 

1985^) ^v^*ltvn;5 0 l#>u fgf^'W^ "wm^^mm^^mm 

^ftikifeomW, -Y^tf fnt«©#^ (Life Span) off^ <t tJ«ft5B:iH]^:^J# 

(1) ^i7-=¥co^:j!l#, IS#o^^ifi-^o &i^X\ mm (iiliDMEM 

(2) ffiV^£3x Thrift £3 0 0 X g, 3^m^^ilUT, Wb7h#M^ 
^^IHIlCii-S 0 #e>ttfc^g^rjg^^i#* (ii(flO%FBSttDMEM^ 
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[M. Iwasaki et al. , Endocrinology 132, 1603-1608 (1993) ; J. Fang & B. K. 
Hall, Developmental Biol. 180, 701-712 (1996) ; S. Bahrarai et al. , The 
anatomical Record 259, 124-130 (2000) ] D #l|xJiTfB©^1£^ £ <9 #5 r. £ ^ 

r <d £ 5 ftztrife^ J: <9 > 1 o 4 ~ 1 o 5 lteW©F R 11l^»^#5 rtas 

itfil^^jfl^^Tl 0-2 0 BM^ttt^^tSo ^fc N 

GF£r0.0 1~100 ng/ml N 0* b < 0 . 04—1 0 ng/ml N § te£F* b 
<{±0. l~lng/ml N MxJ^lng/ml ©Iftt»LT^it5 0 i#*J^ "ft 

3 7 °C^T 5 % C 0 2 #^T"CfT 5 (DW* b < , M^^TIB^) £ 5 

(3) Ji^<D«t 5^*M^^b^ro^#3fWiaS:s il^^^ffi (M^l 
0%FBSttDMEMiti) T\ 3 7 °C^X 5 % C 0 2 #^ET^i#*i~6 0 
( 4 ) igi&te m^mi-^o b F G F Wflx.tt* 5 0 l<t!) 1 ng/ml 



WO 02/22788 PCT/JP01/07914 



fT5 -i^-ct§„ Mill (confluent) ^i£< ^o/t^DfW 

(5) _lib (4) (DWftmm^ i o 0ftfrm-r?ft^^)^3a< ft5 0 

hy^i/^ WfO.0 5%) +EDTA (iiflO. 2mM) t«ttiife^ 
10 ( 6 ) it* b7c#lW&£r, 5 X 1 0 3 Mfll/cm 2 ©^ST b F G F (1 ng/ml) 

(7) _h|E (6) ©jftffs£*fe l> 3g U «J##^»-f-5o 

$ e> w * L<ii3o mx^m^x t. t^mm^mmmm 1 6 b sa±, l 

15 <fi2O0J^_h N £ 19^^ b< fi3 0 E3^±, §b^t<fi4 0H, 

F. Pittenger Science 284, 143-147, 1999 ^^fBic^i^Jffi^V^T^'fl'Iffl 

^{itrfiBM. f. pittenger b\zmm<DmM&m^^x^mm%mwi-%zk&x% 

<5 0 
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HIM 

5 i mm^wm^mm 

l) Fh1^^#»o^ 
l - l ) b (D^HIScd^^ 

4 mifcw*c<D*:imr, miH>* &&&& ztrnftft t*%m^x^ti&wm u 

-tOffijJ&SrEJBrf-So &V^X\ DMEM^l (3 ^^VJJ 5 0 

10 /z g/ml .X b b W W N & «t rj« 6 0 0 0 l^/ml V X 

#nrt«r?5fc^b7t„ ^v^ms^fcit«&^^ai (3 o o x g , 3&m) tt, 

^fc® 1 0 % F B S-a-#DMEMitJffiT?#|R Lfcffc* 2X1 0 8 Iffl 

mi c^ifiL^sr-^tf) /i ocm m^mcxwn^f'o nejs« 3 7*0^x5 %c 

O 2 #ftTt*3 0ffifiLt, ^3fb7cj« 2 0 0 0 »^/it#JDL) 
15 MS^Pf9^MJ3££ bfc 0 
1-2) 

5ttas*ffi»&K**bfc:fc % ^^<^0«9^J^s ^3 7^12 0^, 0. 

^.n^mm-r^^t^^^xm^wm^ p Bs(ut3»ts 0 awnasri 

0 %F B SttDMEMititfl? bXS&Hfl&fgc&^NBB U 2X10 5 $BJ9SiS/ 1 
Ocm ^JE^X*ffib7t 0 «fc£3|3iTO*bX, S*bfc»&#®||i33j5<?) 

25 2) nm&#ffli&<z)%4e 

#lla*6>^® L&IW^3M**BJS& 1 0 % F B SttDMEMJtit'itt bX N 

3 im*%sr2aafeb^ 0 b FGF&'wm$i$k<Dmmz.<}^xn2 0 gj&>e> x 

#M*5£<£>t«3:oV^Xte5 0 Wfrh lng/ml X*&jte«lU MflSPtetefST 
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— h&O. 0 5% MJ^^+O. 2mM EDTAt5«IU i#5fi Ufclfc&B 
|S§r^.g|bfc 0 Ifil^Cou 1 t e r^7r>^^— (Z 1^^, — 
tfcJS) T?fH|iJ U ^LT5 0 0 0 HBJlM/ c m 2 ©feft^jteH&SrfcHS Lfc D b F 
G F f*lifti#*^feV^T h 1 ng/ml (DMSt'VWiM Lfc 0 b F G F ^Jpp*3 «t X? 

b F G F |f©R LjfeV^©)t*fe (*tflS!$) T?WU 10 0 (15ifcf^ 

tit- m i *5 «t t>* 2 #m) 0 

Hi&M 1 T*J#» LfcW^*MWI& (J#H& 1 6 BcobFGF MWm 
&0.0 5%hV7*i/^-\-0. 2mM E D T 5 ^fflM Lt©* LfclBi^^ 

ftW&Sr^KiU^io #cv^\ 2.5x1 o 5 m<om^ 1 5ml (^!)7"nt' 

L, 1 0 0 0 X g 1? 5 5>^jS^SILT F B S ^tt tS DMEM 
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1 0 ng/ml T G F j3 1 

1 OOnM 9*dMM ^ 

5 0 /i g/ml 7^n;l/lfyi-2-]Jyi 

lOOu g/ml If/Hf i^H-f MJi>A 

ITS-^°^^ 6. 2 5/ig/ml f^^^^^y^ 

6.25m g/ml >f ]J V 
6.2 5 ng/ml -fe U^Bi 
5.33^ g/ml U y 
1.25 mg/ml <7 % V 



Hi§A&tf> £> 2 4 Affiliate, «te«c<£>-< i/yh Sr^fife Lfc 0 2B*5t \z.m 

















ifc* (%) 


bFGF 


++ 


+++ 


100 








0 



WO 02/22788 



9 



PCT/JP01/07914 



II 3 -Wik(D 



if 2 1 mm^mm& up (Dmm^mm (b f gfim nmm) & 



'Wftimmmm 

aMEMfi 

1 0 % F B S 

1 OOnM f^c-f-* 

1 0 raM # ^ V ± n 1 — ;V V 

SO^g/ml T^=V^tf>^— 2- ]J 

_hra^^fc*5V^T3 7°C N 5%C0 2 #^T^T^L7h 0 2 0 

mm^m^r y-w^uy Kti^ Lxmm v^t-z^ b f g f 



2 





bFGF » 




+++ 






+ 



#fc 0 ^fc s t Mftlfti©iil#»a, BioWhittaker Inc. 
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(Walker svi lie, MD)^b#fc Q ->f ^ft*©KI^#»fj;2 X 1 0 8 »i 
Wk'm/ c m 2 U b F G F (DfffeT ( 1 ng/ml) £ ?S^F#^ET^ Ti# 

5 0^^^fl^-e« 1 0 z m/ c m 2 -?«t LTfTofCo (Hffifll 1 £#fi) 0 

IH5^:&v^ s #ih3 s fl&# (I) (T) <z>F^^#iBJJ£«^ 

b F G F \Z J: 19 WJf^tl U #^^M*^^^tbfc (A£5<£7j?B£r#fjl) 0 

10 t MS#**»K^#«-efi N t b ifitff iffi (c) 4 , ^*5V^Tti^c7) 

15 1) mmt^WMft 

4ili^CDr>1h^^b^^L7cPHl^#m^rFGF (bFGF) <Z)#^T (F 
GF(+)) ^7cfW#l£T ( F G F (-) ) ti|I$*3 0i|{-tf#t, #:V^Hm 
m 2 fcT/B VNfc^#^b^Jti&^ LT 2 N 4 s 80 m&& U b/Wf v 5 ^ 
/l^- %fe£rfro fc 0 -?:<D£fef|!: N bFGF 8fc#$MfcSi3$ 2 0 Tf r45fc^UC#*lfll&©5> 
20 fbteffi&$*L&V^5 (0 6 -A) , 4 Btli^Vy h ©*ffiW$*fclBfl& (#C#lffl 

$ thfz. (@6-B) 0 8 0 F G F (+) ©W^l3(l#JlBI&©^:-C^J* 
Jffcfcftofc (H16-C) 0 rtl^U FGF(-)Oli^»Ttt, FGF 
(+)<Dmi&klt&VX&^ftfc&mWzMfaX^tz. (HI6-D) 0 
]£fc. 3, 6. 9£j<fct)*l 2 iHlittft Ufe F G F (+) OM^^lBll&Sr^fcUC 
25 LT 16 0 U b/Wv 5 ^^— Ifefe^ffofe,, ^(D 

3 ~ 9 t A> ^-coUBJfifc: *sv ^rp^«ia»a^ $ rift 

(HI6-E~G) ^ N mttWctimiM-t&fcotLX, b/W^^^-^-fe^tbS 
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F G F (+) 3;fcteF G F (-) 3 , 6 N 9 *3 it; 1 2 HUfflSf^ Lfc^^# 

^>©mRNAitoV^t^tfrtfc 0 

(i) 

JfsU=iy-* / sf/U%>"£S:n, Bitter £ Muir (Anal. Biochem. 4 (1962), 
330-334) (Djjmz^xmfeL-f-o ^fc, Jt#iW©7;^!J^7 7^- 
^fS-teCQM^fi. Bessey# O: 5ioi. Chem. 164 (1946), 321-329) (D^MZ. 
t^oTHifebfCo #mRNAIi, Tf5<D <fc 5 R T - P C R J: 1? ^fct} Lfc 0 

RT-P CR 

i#^HJ3S^b®^RNA^(±l« N I SOGEN (Nippon Gene, Tokyo, 
Japan) &m^X^$M Lfc 0 #CV^\ f l^fy^Kc DNAtt, SUPERSCRIPT 
II RNase H-itfe^lf 3ft (Life Technologies, Inc. Rockville, MD) LT 
^RNA 1 ^ g7^£>1^cL7t 0 ^LfccDNA^ftIi:tT, *©PCR* 
W : 9 4°C S 3 0#^T^f4 s ^LT6 5 °C. 1.5»ty7^v-#^ 
2 5^7t«3 01M ^MaP C Ri#i|>g£r^J& U #fetlfcPCR WMft 1 % T 
^n-^^S^lJjjo i^^^^^a ^ Klfefik: <fc <9 tkm bfc 0 ^*3 S PC 

5' -CATACCGGTAAGTGGGGCAAGACTG-3' (SEQ ID NO: 1) $S £U 
5' -TGCCCAGTTCAGGTCTCTTA-3' (SEQ ID NO: 2) 

5' -CCCAACACCAAGACACAGTT-3' (SEQ ID NO: 3) $5 
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5' -ATCACCTTTGATGCCTGGCT-3' (SEQ ID NO: 4) 
GAPDH : 

5' -GTCAAGGCCGAGAATGGGAA-3' (SEQ ID NO: 5) $3 £.ZP 
5' -GCTTCACCACCTTCTTGATG-3' (SEQ ID NO : 6) 

(2) ffigk 

tfllT*i)§ ^!)af5/^5* FGF(+)*5iOTGF (-) ©Pb^ 

(+) <d mWtkWimi&m^ ^(t§^'!J3t>;y y v $ >*£Ate, fgf (-)(D% 

O^tb^LT^L^V^tDXfcofc (0 7 ~A) „ 

I^Ht, T/VJj V 7 ^^Stt^F G F (+) *J j;t;F G F (-) to 

V^T. lift^(7)iiJP^otLT^^ Lfc#\ FGF(+)»(^it§T;^!J* 
X77^-«(t F G F (-) © t « i: ttg LTf L < ^ o fc (HI 
7-B) „ 

OmRNAift FGF (+) 4o J; F G F (-) ^^.^f^l^^fhX^P LTV^fc^^ 
IIl3 7-^y^j;tKXln7^y(Z)mRNAt^ FGF(+)®^FGF 
(-) £ <9 iftl^-</V-efeofc (@7-C) „ 

r. fl h <Dm$kfr h „ FGF^yifha fclfc # § ra^^^fB^<D#:#^|-tgSr 

FGF(+)iftiiFGF (-) ^t'mmmmm&cD'Wftfcm&miE l 

(1) #ife 

t hP^^lfflflft^ SsGgfft (5 0 0 0 IBM/ cm 2 ) *7cf^g^ (1 0 
0 O^MH/c m 2 ) tT#@U F G F #ST^ fc li^^T t X 3 N 6:&J; 
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t^K, ^mm^Wmb?£MttX»1b%'W^Tx2 7'n^'j>> (BSP) n 

LTto ^7/l^v^!>A^-ftfi N Gitelman 04/iai. Biochem. 18 (1967), 521-531) (D^ 

f^rn7 > nri' > (BSP) N ^"^.^^-/f?^^ J;t)«^-^^^-^7 7Viy^cD 
mRNAift TfBcDT 0 ^^^— (Dir $/ MrIV^WJ5^oTRT-PC 

io n f^rpyp^y (bsp) : 

5' -CATTTTGGGAATGGCCTGTG-3' (SEQ ID NO: 7) #3«fctJ< 
5' -ATTGTCTCCTCCGCTGCTGC-3' (SEQ ID NO: 8) 

5' -CTAGGCATCACCTGTGCCATACC-3' (SEQ ID NO: 9) jo^t) 5 
15 5' -CAGTGACCAGTTCATCAGATTCATC-3' (SEQ ID NO: 10) 

5' -CCACCGAGACACCATGAGAG-3' (SEQ ID NO: 11) feit^ 

5' -CCATAGGGCTGGGAGGTCAG-3' (SEQ ID NO: 12) 
GAPDH : 

20 5' -GTCAAGGCCGAGAATGGGAA-3' (SEQ ID NO: 5) *5«fctf 

5' -GCTTCACCACCTTCTTGATG-3' (SEQ ID NO: 6) 

(2) s&m 

25 ^— *t?flH4Wu ,«#:^fc«F G F(+)^L<ftFGF (-) ^V^TlRS^MliL 

&tstiteti*oti das -a, o 0 i^u Mft&i&^^mm^tc-m^ 

is V ^&lts F G F (+) (Djjff FGF (-) Xy)m<, -t bTlift^o^TM^ b 
TV^fc (1218— B) o 
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fi/Tn/pr^y (BSP) > ^-^"r^n^ly^^ioX.Wr^'r^r^i/v 

^^©mRNAill FGF(+)^it;FGF(-)Ttt3 #ift*3 <fc U« 6 lift £ CO m 

•vmrntemtfeM; b^^o fc^ s 9 fgfh 

^tlfc'DmRNA^/Hti^LTV^c (HI 8 — D) 0 

F G F (+) £7t«F G F (-) f'Tliftif* LfcW^^#«OJ!gJ^|fflia^fbtg^ 
F G F (+) S fcft F G F (-) (Ct 4 , 6 , 9 lift Lfc|M&£TfB©JtJK«^ 

1 0 % F B S 

i/iM ^r^^y:/ 

0. 2mM 3 —4 y^f/V- 1 -^^^-^-i^^V 

flgJW«— ©5Hbra:> t^^vy Klfe-fe Ic: «fc *5J:OTJK«^fbo^^ 

^-tfcSP PAR- 7 2©mRNA^RT-PCRia t) ##rt~ § - £ «t 
DHJfcbfco RT-PCRft, TfB©? 0 ^-^— ©-fey h£r/BV^TH»!l5 ^ 

t h P PAR-y 2 : 

5' -CATTCTGGCCCACCAACTT-3' (SEQ ID NO: 13) 33 it* 

5' -CCTTGCATCCTTCACAAGCA-3' (SEQ ID NO: 14) 
GAPDH : 

5' -GTCAAGGCCGAGAATGGGAA-3' (SEQ ID NO: 5) 33£.Xf 
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5' -GCTTCACCACCTTCTTGATG-3' (SEQ ID NO: 6) 
F G F (+) £5 £OT G F (-) fcT«&ftflN£ L7t^m#Mfi. mmfc&J ;UU 

v (m9-A, b) 0 &fc, mmm&fc<D^— t^sppa 
5 ^©itm^b, f g f ©ti^rii^^njfioiiif8sa^©M(' m 



* 



sin FGF^psf^*3i-t5^Mm^r mmm/mm^m ku^^-t^ 

20 ^^-efc^o 

0 3(1, b f g f g&bn <t 3 ©cfr^bM^ffr^ia^^^^^K^ 5 „ 

m 4 b f g f » ^ «fc s b^ft ©Et© ssfl&at^T 5 0 

25 EI 5 te, b F G F (lng/ml) #^T^fcfW#^T^*5it 5 »>^=¥P^^#lffl 

a& (i§#ft5f5(i), n#*5te(T)7jM) (a, b) fejzt^t hr3M%imm& (c) 
m6^, f gf\z kzmm^mm&fDmitftikm&^irmx&iQ % fgf©# 
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20 (A) „ 4 0 (B) 3oJ:tJ*8B (C, D) <DtBm3fc#1toti&<D'<U y K 3kW 
i'FGF <D&mT\ZX 3, 6, 9 , 12 JKft&£ LfclEBflS^ ©SIBfe^: 



(a) „ r/^u*^77^^ffitt (b) ^.trj^fl-^^jatfe^p (ni^ 

XSny^yy) (c) §r^i- D 

H 8 FGF (+) 3= fc FGF(-) lE&V^TilifWIg Lfcre^#>Mte©#3HbfB 

(A, B) N Tsu% V * x y T ? -^Wi'Bi (C) *3 £ U'WWM&Jl&fc? (#^T 
n^n^;/ (BSP) „ ^hx-T^/Jf^^^ (OP) JSiVt^ft^^^ 



(0C) ) CD 



(D) £r^-jh 



9 fi % FGF (+) * Tctt FGF(-) fc^TjfflffW* Lfc^^^iBSSOjJgM^fHJJS 



15 5>fbfiBSr^t-B|-e*) <9 , J5&. 



"^SHbLfc FGF(+)« (A), FGF(-) (B) 

M!&<dwl&lir&m* &£m%mm&¥f^&)mfcT (ppar- Y 2) © 

(C) tr^to 



1 
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2. BUfB^S«|i^j^ii5it|l|^- (FGF) -efe^gf^l ^|B«0^o 

3. FGF* 0. 0 4~ 1 Ong/ml <D^^i§j&fH-»H-3 , ft^^ 2 ^ 

4. FGF*0.1~1 ng/ml 0^t?i§±i^ fc«SilTf 6 „ lt*^ 3 fcf3« 

io. i 6 ia M±<DMttmmz$5^x&ftfcm%:W:W'i-% mm^mm 0 
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m 2 



35 
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^09 
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